ABSTRACT
INTRODUCTION
Sepsis is defined as the presence or presumed presence of an infection accompanied by systemic manifestations of an inflammatory response (1) . When severe, organ dysfunction is usually noted, with or without the presence of refractory hypotension (1−3) . Severe sepsis and septic shock remain a leading cause of morbidity and mortality worldwide (4) . Fatality rates of the sepsis syndrome range from 23 to 46%, varying based on the phase of the continuum being evaluated (5−7) . Approximately 751 000 new cases of severe sepsis are diagnosed each year with about 500 deaths daily across the United States of America [USA] (4, 7, 8) . Prolonged length of stay (LOS) is common, with the average patient requiring hospitalization for 19.6 days (9, 10) . A similar disease burden has been reported in Europe and Australia with cumulative annual incidences ranging from 51 to 206 cases per 100 000 population (9, 10) . In the USA, approximately 61% of all patients ultimately diagnosed with sepsis initially present to an Emergency Department (ED), with an annual estimated associated cost of US $16.7 billion (1). While no national figures are available for Jamaica, anecdotal reports from the intensive care unit (ICU) at the University Hospital of the West Indies (UHWI) Kingston, Jamaica, suggest that sepsis accounts for a significant proportion of deaths among their admitted patient population.
With an improvement in life expectancy and further increases in the elderly population, the management of sepsis will continue to consume considerable healthcare resources, posing a major global health problem. The management of septic patients by ED physicians in the "golden hour" thus plays a pivotal role in their clinical outcome (11) . This was clearly demonstrated by Rivers and colleagues, in their landmark evaluation of early goal directed therapy (EGDT) for severe sepsis (12) . By aggressively responding to temporal changes in cardiac preload, afterload and contractility, and oxygen delivery/demand, these investigators were able to decrease absolute mortality by 16% and LOS by 3.8 days per patient (12) .
Early goal directed therapy has since been identified as a vital component of the Surviving Sepsis Campaign (SSC), which is an international collaborative effort initiated by the Society of Critical Care Medicine, the European Society of Intensive Care Medicine and the International Sepsis Forum (4, 13, 14) . The mandate of the SSC is to decrease the overall mortality rate of sepsis by 25% in five years using evidence based guidelines and financing projects involved in the management of severe sepsis and septic shock. New breakthroughs in the treatment of the sepsis syndrome are therefore quite diverse and the SSC is urging governments, health agencies and doctors worldwide to adopt practices outlined in their guidelines (15) . However, resource limitations may preclude the ability of some medical systems to implement what has emerged as the international standard of care (16) .
While physicians practising in such resource-limited locations are likely to possess the acumen and requisite skills necessary for adherence to the SSC guidelines, availability of appropriate equipment poses a challenge. Development of treatment protocols that work within existing limitations, therefore, may help achieve mortality reduction goals of the SSC. To derive these protocols, however, comprehensive baseline data are needed. Thus while our ultimate goal is to identify components of EGDT which may be amenable to application in such a region where strict adherence to SSC guidelines may be unachievable, specific objectives of this study were to evaluate the incidence and outcomes of severe sepsis and septic shock and to ascertain information regarding relative practice patterns for sepsis management in a representative, resource-limited medical centre.
SUBJECTS AND METHODS
This is a prospective, observational study of patients with severe sepsis and septic shock who presented to the Emergency Medicine Division at the UHWI. The ED provides treatment for 53 000 patients annually and admits 8000 to various services of the hospital.
Patients Severe Sepsis in the Emergency Department 226 heart rate (HR) > 90 beats/minutes, temperature > 38°C or < 36°C, respiratory rate (RR) > 20 breaths/minute, white blood cell (WBC) count > 12 000 or < 4000 or > 10% bands, and baseline whole blood lactate concentration ≥ 4 mmol/L] and were diagnosed with sepsis, were eligible for study inclusion. Those with concurrent acute illness (ie cerebrovascular event, coronary syndrome, cardiogenic pulmonary oedema, status asthmaticus, primary dysrhythmia, seizure, drug overdose or major trauma) which necessitated diseasespecific intervention and those with active cancer, on immunosuppression or active 'do not resuscitate' orders were excluded.
Data were prospectively collected from eligible patients ("cases") between July 5, 2007 and September 1, 2008 using standardized data collection forms. To enable evaluation of potentially distinguishing characteristics of study cases, data for all sepsis patients treated in the ED at UHWI during the study period, and a group of adult patients (age > 18 years) admitted for conditions other than sepsis ("controls") during a subsequent time period (August 1, 2009 to October 31, 2009) were prospectively compiled. Specific data of interest included baseline parameters, treatment and outcome measures. All data elements were readily available from existing records and no additional information was solicited. Consequently, this project did not interfere with patient care and waiver of informed consent was permitted by the University Hospital of the West Indies Ethics Committee.
Descriptive clinical, demographic and historical data for cases and controls, as well as the physician management patterns of the cases were analysed. Differences between cases and controls were compared using Student's t-test for nominal parametric data and the independent samples MannWhitney U test of median differences for non-parametric data. Dichotomous bivariate data (eg presence of co-morbidities by group and gender) were compared utilizing the Chi-squared test of independence. Logistic regression analysis was conducted to assess the independent contribution of clinically relevant variables for pre-specified outcomes (ie in-hospital survival and hospital LOS stay). All data were analysed using SPSS version 12.0.
RESULTS
Over the study period, a total of 58 011 patients were seen in the ED at the UHWI, 762 (1.3%) of whom were diagnosed as having sepsis. Of the sepsis group, 117 (15.4%) were diagnosed with severe sepsis (n = 113) and septic shock (n = 4). The mean (SD) age of these patients ( Hypertension (29%) and diabetes (26%) were the most common co-morbidities, followed by cerebrovascular accidents (8%), heart failure (6%) and human immunodeficiency virus (6%). The prevalence of such co-morbidities was generally similar to the group of control patients (n = 1243), where hypertension was present in 24%, diabetes mellitus in 14%, cerebrovascular accidents in 4%, heart failure in 5% and human immunodeficiency virus in 1%. Baseline SIRS criteria data are shown in Table 2 and time-dependent data are shown in Table 3 . Mean (SD) sys-tolic blood pressure was 119.6 (29.7) mm Hg and mean (SD) serum lactate was 6.6 (3.4) mmol/L. Mean (SD) time from triage to enrolment was 67.7 (59.5) minutes and empirical antibiotics were administered to 47.5% of the study group within two hours of being seen by the physician. Within three hours, 65.7% of the patients had received antibiotics and all were treated within eight hours. This distribution was skewed by three of the patients who were given antibiotics at 7, 7.5 and 8.9 hours after arrival to the ED. Cultures from suspected sources of infection were taken for all study patients, with the lung and urinary tract serving as the most common location (Figure) . As shown in Table 4 , there were almost equal percentages of culture negative and positive results at 49% and 47%, respectively. Gram negative organisms accounted for 54% of the positive blood cultures and 76% urine cultures. Co-amoxiclavulanic acid (48%), ceftriaxone (26%) and ceftazidime (16%) were the most frequently used empirical antibiotics (Table 5 ) and the organism was sensitive to the initial antibiotic choice in 69% of the study population. Seventy-eight per cent of all the referrals were made to the medical service, 15% to the urology service and 7% to the surgical team. One central venous pressure line was inserted in the ED and no patient received a blood transfusion. Nearly all patients (95%; n = 112) were admitted to hospital, only one of whom went to the ICU. Four patients (3%) with severe sepsis were discharged home and two patients died in the ED. Mean (SD) hospital LOS was 9.5 (10.3) days and 29 patients (25%) died in-hospital. There was a statistically significant (p = 0.006) association between age and mortality rate, with a point biserial correlation coefficient (r pb ) = -0.25 and a coefficient of determination (r 2 pb ) = 0.063. Although there was a significant difference in median LOS for the patients who survived versus those who died (8 vs 2 days; p = 0.007), there was no statistical association between LOS Severe Sepsis in the Emergency Department and mortality on adjusted models (OR 1.040; 95% CI: 0.924, 1.169). Of the 88 patients who were discharged, only 1 (1%) required nursing home place-ment.
DISCUSSION
In this first survey of severe sepsis and septic shock among individuals who reside in the Caribbean, several findings were noteworthy. Firstly, despite an overwhelming lack of resources, major time-sensitive metrics showed an ability to approximate best practices employed in the USA and Europe (1, 4, 12) . Of particular note, the median time from triage to antibiotics was 126 minutes and by three hours, nearly twothirds of the patients had received antibiotic therapy. We were unable to achieve 100% compliance with current recommendations that require the administration of empirical broad-spectrum antibiotics within three hours of ED arrival; however, the compliance rate can be improved if enhanced surveillance of potential cases and systems-based approaches to improve sepsis care are implemented (17) .
Secondly, the organisms isolated in this study were predominantly gram-negative bacilli (GNB) in both blood and urine cultures (54% and 76%, respectively). This contrasts the pattern of isolates in the USA, where gram-positive organisms standout as the predominant pathogens in severe sepsis and septic shock (18) . This may reflect the relative frequency of a known or suspected urinary source of infection in our study cohort. A higher prevalence of gramnegative sepsis has previously been reported at UHWI and this apparent propensity should be considered when empirical antibiotics are selected for patients with suspected sepsis (19) . Survival is improved when such antibiotic coverage has in vitro activity against the pathogenic bacteria and, to increase the likelihood of this occurring, combination antimicrobial therapy has been advocated (1) . In this study, amoxicillin/clavulanic acid, ceftriaxone and ceftazidime were used most often, typically in combination with metronidazole, clindamycin or gentamicin. As a result, 69% of bacteria culture isolates were sensitive to empirical antibiotics administered.
Thirdly, consistent with prior studies of severe sepsis, older individuals were over-represented in the study population (7, 12, 20−22) . This age-related prevalence has been attributed to a progressive immune dysfunction that accompanies ageing, where a failure of leukocytes to process antigens and an alteration in inflammatory cytokine expression ensues (23−28) . The elderly are also more likely to contract diseases with a propensity to induce sepsis such as pneumonia or urinary tract infections (29−33) . Other risk factors include the presence of co-morbidities (especially conditions such as dementia and immobility), instrumentation and institutionalization (17, 20) . As with other studies, we also found an association between age and mortality (20, 21) . However, when adjusting for other clinical factors, age was found to explain only 6.3% of the variance in in-hospital death.
Fourthly, whilst 95% were admitted to hospital, only one patient was sent to the ICU. At UHWI, access to the ICU is limited by bed and critical care staff availability and admissions are generally restricted to patients who are extremely ill. Whether such management decision-making was influenced by an over-reliance on con-ventional (and imperfect) measures of haemodynamic status and how it may have impacted patient outcomes, is not known; however, admission of patients with severe sepsis (especially when septic shock is present) to a non-monitored setting is clearly suboptimal. This is reflected by the fact that, despite inclusion of a seemingly lower risk cohort (ie only 3% had diagnosed septic shock), our in-hospital mortality rate was 25%. This is 5% less than the standard therapy group in the seminal paper on EDGT by Rivers and colleagues, but their study included a far sicker population with septic shock in nearly 51%. While mortality rate may have been lower, if a greater proportion of patients had been admitted to the ICU where principles of EGDT such as aggressive fluid resuscitation (to include blood products), the use of invasive monitoring and early ventilatory support could have been utilized, fatality rates may have been significantly reduced.
That only 3% of the included cohort met criteria for septic shock is in fact a limitation of this study. Such a finding is inconsistent with other sepsis studies, where the prevalence of septic shock is usually closer to 50%. There are several factors that may account for the high proportion of severe sepsis (versus septic shock) noted in the present study. Indeed, it may be truly reflective of a relatively low severity of sepsis presentations to the ED at UHWI. Alternatively, it may reflect the method of enrolment in the study, where it was necessary to have a point of care lactate (used as an objective criterion of severe sepsis) before intervention was initiated to achieve entry into the study. Those patients who presented with hypotension, in addition to other features of sepsis, may have been more likely to receive immediate fluid resuscitation before lactate measurement could be performed thus precluding them from study inclusion. Regrettably, research assistants were not available to enlist such patients or document the numbers that may have been excluded and these data were not forthcoming after a retrospective review of the records. An additional finding is the relatively high proportion of negative yield cultures. This may reflect the unique microbial patterns in this population. Further research would be required to detail the various causes of the numbers of negative cultures.
In summary, this study suggests that current care in the ED at the UHWI for sepsis when compared to landmark studies of EGDT and the SSC may be similar with respect to time to physician treatment, timing of antibiotic treatment, hospital LOS, and mortality rate. Improvements in outcome, however, may be achievable with implementation of EGDT and SSC principles and based on our results, further exploration of such a possibility is warranted.
